It is still debated to what extent the vestibular deficits in Usher patients are due to either central vestibulocerebellar or peripheral vestibular problems. Here, we determined the origin of the vestibular symptoms in Usher 1B patients by subjecting them to compensatory eye movement tests and by investigating the shaker-1 mouse model, which is known to have the same mutation in the myosin-VIIa gene as Usher 1B patients. We show that myosin-VIIa is not expressed in the human or mouse cerebellum and that the vestibulocerebellum of both Usher 1B patients and shaker-1 mice is functionally intact in that the gain and phase values of their optokinetic reflex are normal. In addition, Usher 1B patients and shaker-1 mice do not show an angular vestibuloocular reflex even though eye movement responses evoked by electrical stimulation of the vestibular nerve appear intact. Finally, we show histological abnormalities in the vestibular hair cells of shaker-1 mice at the ultrastructural level, while the distribution of the primary vestibular afferents and the vestibular brainstem circuitries are unaffected. We conclude that the vestibular dysfunction of Usher 1B patients and shaker-1 mice is peripheral in origin.
INTRODUCTION
Usher syndrome is the most frequent cause of deafblindness in humans (Boughman et al., 1983) . Usher syndrome type 1 is an autosomal recessive disorder characterized by sensorineural hearing loss, balance problems, and retinitis pigmentosa. Usher 1B accounts for 75% of Usher 1 patients. Mutations in the myosinVIIa gene are responsible for the deficits in Usher 1B patients (Weil et al., 1995) . Hallgren (1959) was the first to describe the vestibular dysfunction of Usher syndrome patients as "vestibulocerebellar ataxia." Others later provided radiographic evidence for cerebellar abnormalities in Usher 1 patients (Bloom et al., 1983; Lynch et al., 1994; Tamayo et al., 1996; Schaefer et al., 1998) . These findings included cerebellar atrophy and a diminished level of circulation in the cerebellar vermis and lateral hemispheres. In line with these studies Kumar et al. (1984) found in part of his Usher patients retrolabyrinthine signs such as vestibular decruitment, absence of past-pointing hyperactive vestibular responses, and spontaneous vertical or horizontal nystagmus. However, these studies diverge with other clinical investigations such as those of Mö ller and colleagues (1989) , who propagated that the vestibular 1 Both authors contributed equally to this study. 2 To whom correspondence should be addressed.
